By using Naive Bayes and C4.5 algorithms of data mining, this study of social capital at Universidad ECCI identifies the community's potential to generate positive associative relations that impact upon the quality of the citizen the Institution is delivering to the nation. A data collection instrument (survey) was applied that, from the cognitive and structural dimensions, permits characterizing the faculty's perception against elements like trust, norms, reciprocity, associativity, and cohesion regarding common objectives. Data were classified to identify the accumulated stock of social capital at the university to promote the generation of networks aimed to benefit the whole community, besides materializing the institutional mission and vision. As a result, the study identified low accumulated stock of social capital at the university; hence, it may be stated -in the first place -that the University faculty presents low levels of trust in all its participants, which affects construction of associativity strategies so that, from internal relationships, networks may be constructed to be part of the organizational assets; in the second place, the level of recognition and cohesion of the community tends to be at medium levels, a situation that leads to rethinking strategies that accomplish the materialization of the mission and vision in the construction of a much more committed community aware of its internal processes. In the third place, the study permits generating a diagnosis that reveals shortcomings in relation to participation in collegiate entities, where it is fundamental to involve the interests of the members of the community.
Introduction
The process of measuring social capital in Colombia began from the development of a quantitative analysis sponsored by the National Planning Department (DNP, for the term in Spanish) in 1997; thereafter, other entities like the Bogotá Chamber of Commerce and the Antonio Restrepo Barco Foundation have conducted studies in 2005 and 2011. These studies on social capital carried out in the country have had the BARCAS methodology (Barometer of Social Capital by the World Bank) [1] as a base, which focused on the dimensions of: trust, validation of information sources, and social capital.
Results show low interpersonal trust -as well as low trust of institutions, high social inequity within cities, a growing unequal gap of living conditions between urban and rural populations, low credibility in communication media, social and political atomism, high clientelism, and low citizen trust in State management [2] . Based on this general background at the national level and starting from identifying the relevance of education in social transformation, this study seeks to characterize the perception level in the Universidad ECCI community in relation to the cognitive and structural dimensions of social capital, which will permit offering a limited study case as an example within the context of higher education.
Social capital and participants in higher education
Social capital is understood as a collective construct that emerged during the early 20 th century, from the observation of social interaction in function of facilitating associative strategies that permit explaining social behaviors and potentiate education, community life, democracy, and economic growth in function of society's development. This concept has become quite popular within the context of social sciences due to the post-modern interaction of social structures; its contribution is considered a source of cohesion that allows generating relationships of citizens that articulated into networks generate skills and resources in a pre-established regulatory framework [3] [4] .
Since the mid 1960's, as a result of economic development in Western society, organizations underwent important changes as a consequence of the new paradigms of knowledge and the economic and political dynamics of postwar processes permeating the new social relationships.
Scientists like Bordieu [5] , Coleman [6] , and Putnam [7] have addressed the study of social relationships in different cultural and economic settings and their incidence on human development from articulating them with other types of capital (natural capital, physical capital, human capital), highlighting how social capital intrinsically evidences a potential as source of networks that permeate human relations from associativity to benefit all the members belonging to a network.
The World Bank (2000) classified social capital into cognitive and structural in function of their use; the first, is related to the individual's subjectivity and behavior supported on values, education, and cultural principles that permit reading the environment and interacting with it; the second, holds subjective and intangible components evidenced in the development of interpersonal relations supported by the individual's ideological forms and manifestations, religious beliefs, conception of values and attitudes, manifestations of emotions inherent to humans [8] .
Each of the dimensions supports a series of interrelated components that permit evidencing an integrality that gives sense to social capital as construct of intangible capital; this integrality is founded on sharing principles and values, which are the foundations of the processes of positive associativity with community sense, development of civic life, and consolidation of trust at transverse level and with the social system [9] . Table 1 shows the variables of social capital proposed by the World Bank and which were kept in mind to conduct the research field work that supports this article.
Use of data mining within the scope of social relationships
Within the context of education, relationships generated among members of a community potentiate the consolidation of networks that seek collective benefit, with this being the principal characteristic of social capital. Some studies evidence the use of data mining within the context of social sciences [10] , permitting automatic or semi-automatic exploration of large amounts of data to find repetitive patterns, regulations, and tendencies that explain the behavior of situations susceptible to being analyzed [11] . Data analysis was performed through Naïve Bayes [12] [13] and C4.5 [14] [15] data mining algorithms to generate indices to measure social capital at Universidad ECCI.
Naïve Bayes
This is a technique which takes as primary source that of the Thomas Bayes theorem, which can predict the probability of a case belonging to a given class; this method is based on the probability theory, uses frequencies to calculate conditional probabilities and, thus, generate predictions on new cases. Part of the assumption is that all the attributes are independent when the value of the class variable has been determined [16] . Equation (1) will be used to find the probability according to the Bayes theorem and perform the analysis procedure.
Here E and F are events and are independent for a given .
C4.5 algorithm
This algorithm based on equation (2) constructs a decision tree where its internal nodes are labelled as attributes, the branches protruding from each node represent tests for the values of the attribute, and the leaves identify the categories. It is based on the heuristic technique known as proportion of gain and permits considering all the possible tests that can divide the data set and selects the test with the highest information gain.
Here ( ó ) is the rupture information, and the proportion of gain is
Weka software tool
Some software tools support data mining processes, allowing management of large volumes of data, which is the case of Weka -developed in Waikato in New Zealand and which in this study shows results of the process of the Naïve Bayes and C4.5 algorithms (denominated J48 in the Weka tool).
Upon processing the data, the Weka tool generates a confusion matrix to verify the distribution of errors made by the classifier, where the VP (true positives) are instances correctly recognized by the system; said value corresponds to the proportion examples classified as class x, from among all the examples that truly have class x, that is, what amount of the class has been captured. In the confusion matrix, it is the value of the element of the diagonal divided by the sum of the row. The FN (false negatives) are positive instances and which the system says are not. The FP (false positives) are the negative instances, but the system says they are not. The VN (true negatives) are the negative instances and correctly recognized as such [17] . In addition, the Weka tool also obtains results, like: instances badly classified, instances well classified, Kappa statistic, absolute error, recall, precision, and F-Measure. Instances badly classified and well classified correspond to registries that were incorrectly or correctly classified. The Kappa statistic [18] measures the coincidence of the prediction with the real class.
Absolute error (mean absolute error): indicates the quality of the measurement. Indicates the mean error produced in each prediction.
Recall: measures the proportion of terms correctly recognized with respect to the total of real terms. This index is obtained through equation (3).
Here IR (M,A,B) is the Recall index for Medium, Low, and High.
Precision: measures the number of terms correctly recognized with respect to the total of terms predicted, whether true or false. In this article, this index is calculated based on equation (4).
Here IP (M,A,B) is the precision index for Medium, Low, and High.
F-Measure: this statistic combines Precision and Recall in a balanced harmonic average of the results obtained. Equation (5) is used to generate the index.
( , , ) = 
Here F (M,A,B) is the F-Measure for Medium, Low, and High.
Methods and materials
During the development of the project to measure social capital at Universidad ECCI, the researchers worked with data sources provided by the Institution and which correspond to professors hired on the first semester of 2015; these data generated a universe of 304 individuals from which a sample was calculated equivalent to 208 subjects surveyed. The structure of the instruments used to collect data was based on the methodology by the World Bank to measure social capital globally. Figure 1 shows the process used in the research and which is based on the typical steps of the knowledge extraction process.
Figure 1
Method applied in identifying social capital at Universidad ECCI.
Data collection
Social capital, understood as a whole and comprising a structural dimension based on horizontal and vertical horizons regulated by norms as basis of associativity, and a cognitive dimension assumed from the values interiorized by the citizen, such as: trust, reciprocity, solidarity, and civic sense of that which is public.
Social capital identifies tensions created from the lack of associativity, which affects social realities that impact upon the possibility of generating networks. In this sense, social capital is assumed as a means to increase positive associativity. The following presents the structure to design the instrument that permitted collecting primary information for its subsequent processing and analysis. Information was gathered integrated into a single data set from a 54-question survey (Table 2) , which was answered by 208 professors from the Institution. 
Where, Ci is the estimated score per professor. Pmin is the minimum value of the sum of the set of data. Pmax is the maximum value of the sum of the set of data. Pi is the sum of the scores obtained in the Likert scale [18] .
To characterize the class, a division was conducted of equally spaced subclasses, that is, values between 0 and 0.33 correspond to the low social capital index; values above 0.33 and below 0.66 correspond to the medium social capital index; and values above 0.66 correspond to the high social capital index.
Data mining
As mentioned above, at this stage Naïve Bayes and C4.5 data mining algorithms were used to classify the level (Low, Medium, and High) of perception of trust of the professors from Universidad ECCI.
Results and Analysis
The research integrated social capital and data mining to characterize the perception level of the ECCI community in relation to the cognitive and structural dimensions. Table 3 shows class instances, evidencing that the number of registries classified as high are: 8; the number of registries classified as low are 31; and the number of registries in the medium category are 169, which indicates that much of the population surveyed ignores the extent of the benefits of social capital as a cohesion factor. This helps us to understand why the low and medium appreciation prevails in relation to conceiving it as an option of articulation and affinity to generate community.
Additionally, the study demonstrates that a low number of people value as high the extent of social capital and these results permit suspecting the causes endogenous to Universidad ECCI that lead to this situation, identified thus:
Firstly, a high level of lack of knowledge exist of the values that integrate the different social structures within the context of the University and based on social capital; secondly, lack of interest may be a factor that conditions community participation in endogenous processes; and thirdly, communication strategies do not achieve their goal within the ECCI academic community. Upon processing the 208 registries through Naïve Bayes and C4.5 algorithms, Weka yielded the results shown in Table 4 . For the Naïve Bayes algorithm, the Kappa coefficient index is within the range from 0.61 and 0.80 with a considerable concordance rate, which indicates that the social capital accumulated in the institution does not reflect the capacity to construct solidarity relationships based on associativity that enhances the cognitive and structural dimensions of social capital.
The C4.5 algorithm, with a Kappa coefficient index within the range from 0.81 to 1, has an almost perfect concordance rate, which indicates this method's power under the parameters defined by the study participants, given each of their characteristics, the social capital index may be established with a very small margin of error.
The cognitive dimensions (values, principles) and structural dimensions (networks, norms) are assumed as components of a whole denominated as social capital, which requires coherent development and articulation, for example, a society with low levels of social values, tends to show lower recognition of the norms and, hence, shows increased levels of distrust in social relationships.
In this sense, the study showed that the ECCI community is prone to constructing relations based on high levels of recognition of norms, but not on their appropriation, a phenomenon not foreign to the behavior of the national context.
Confusion matrix
Confusion matrix of the Naïve Bayes algorithm. Table 5 shows that of the 208 registries considered for the experiment, 169 that correspond to 81.25% are Medium, 31 equivalent to 14.90% are Low, and 8 equivalent to 3.85% are High. The following analyzes each of the categories for the Naïve Bayes algorithm: Confusion matrix of the C4.5 algorithm. Table 9 shows that of the 208 registries considered for the experiment, 169 -corresponding to 81.25% -are Medium, 31 equivalent to 14.90% are Low, and 8 equivalent to 3.85% are High. The classifier correctly identified 6 of the 8 High values (Table 11) 
Precision
The Naïve Bayes and C4.5 algorithms classify data primarily into Medium and Low, which can be interpreted as low levels of trust in their participants (Table 13 ). 
Conclusions
The study conducted in Universidad ECCI allowed the identification of a low accumulated stock of social capital not foreign to the national reality; thereby, it may be stated -firstly -that the institution has low levels of trust in all its participants, which affects the construction of positive associativity strategies with community sense to, from the internal relationships, be able to build networks that are part of the organizational social assets; secondly, the level of the community's recognition and cohesion tends to be at medium levels.
This situation leads to rethinking strategies that achieve the materialization of the institutional mission and vision in the construction of a community that is much more committed, cohesive, and knowledgeable of its internal processes. Thirdly, the study permits generating a diagnosis that demonstrates the drawbacks in relation to participation in internal collegiate bodies where it is fundamental to visualize the interests of all the members of the community.
When comparing the algorithms applied in the article, it was noted that the C4.5 Kappa confidence interval is higher than that of the Naïve Bayes, as well as when classifying with both algorithms it may be determined that of 208 registries processed, the Naïve Bayes algorithm obtained 189 coincidences and the C4.5 203; hence, C4.5 has 98% assertiveness and Naïve Bayes 91%.
Finally, the study permits identifying that education permeates and affects the construction of social capital and plays an integrating role of skills and knowledge that permit the transformation of a social conglomerate founded on principles of trust, reciprocity, recognition of norms, and participation in function of the community's social benefit.
